Submaximal exercise systolic blood pressure (ExSBP) is a recognised predictor of cardiac mortality. This study examined the possibility that this might be related to increased QT dispersion or prolonged maximum QT c interval (QT c max). Twenty-nine untreated hypertensive subjects were assessed. Each subject underwent an echocardiographic examination and a 24-h ambulatory blood pressure (ABP). ExSBP was measured during a 3-min lightweight submaximal Dundee step test. In multiple regressional analyses, only left ventricular mass index significantly predicted QT dispersion (R 2 ‫؍‬ 22.4%, P ‫؍‬ 0.018) and QT c dispersion (R 2 ‫؍‬ 25.3%, P ‫؍‬ 0.012).
Introduction
QT dispersion (QTd and QT c d) is simply derived as the difference between the maximum and minimum QT intervals within a surface 12-lead electrocardiogram (ECG) and it is thought to be a measure of the degree of left ventricular repolarisation inhomogeneity. 1 It is increased in arterial hypertension, especially with increased left ventricular mass (LVH). 2, 3 QT dispersion has been reported to be a better predictor of arrhythmic cardiac death than LVH in hypertension. 4 QT dispersion also relates positively to systolic blood pressure (BP), but not to diastolic BP. 2, 3 This perhaps is not surprising, since the maximum left ventricular wall stress is more dependent on systolic BP than diastolic BP. In a study involving normal volunteers, phenylephrineinduced rise in systolic BP correlated significantly with the increase in QT dispersion, presumably because increased afterload alters ventricular repolarisation through the mechano-electrical feedback mechanism. 5 In addition, the change in systolic BP with drug treatment has been reported to relate to the change in QT dispersion in hypertension. 6 The maximum QT c interval (QT c max), like QT dispersion is also a potent predictor of (sudden) cardiac death. [7] [8] [9] [10] A large population study 8 involving nearly 3500 subjects aged 30-60 years followed up over a period of 11 years suggested that subjects with a QT c max у 430 ms (vs Ͻ 360 ms) had three times the risk of suffering cardiac death.
Submaximal exercise systolic BP (ExSBP) is a better predictor of target-organ damage and cardiac mortality than office BP. 11 The reason for this is unclear. If however the correlation between ExSBP and QT indices was stronger than that between resting BP and QT indices, then perhaps an increased arrhythmic risk associated with increased QT indices might offer a mechanism for exercise BP's superior prognostic value. In this crosssectional study, we explored whether there was a relationship between systolic BP measured during exercise and QT dispersion or QT c max.
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Methods
Participants
We studied subjects referred to our specialist hypertension clinic. These subjects all had raised office BP readings (у160/90 mm Hg) confirmed over a period of at least 3 months prior to their referral by primary-care physicians. We excluded subjects who were unable to exercise and those taking drugs which potentially could affect the QT interval. Prior to being studied, subjects who were taking antihypertensive therapy had their treatment withdrawn for at least 1 week if there were no contraindications, such as previous history of accelerated hypertension, ischaemic heart or cerebrovascular diseases. Secondary hypertension was excluded by clinical examination and routine investigations.
Blood pressure measurements
BP was measured in triplicate by trained hypertension research nurses using a standard mercury sphygmomanometer at 1-min intervals after patients had been sitting quietly for 2 min. The mean of these readings was used to define office BP. A standard mercury sphygmomanometer was also used to measure ExSBP during a 3-min sub-maximal Dundee step test, the methodology of which has been described elsewhere. 12, 13 This exercise test has a lightweight work intensity of about 5 metabolic equivalents. A 24-h ambulatory blood pressure (ABP) (Spacelabs 90207, Redmond, WA, USA) was obtained from each subject on an active day.
QT interval measurement
ECGs were recorded using a Hewlett-Packard 4700A electrograph with simultaneous 12-lead acquisition at a paper speed of 25 mm/s. A single observer (BSR) blinded to other measurements analysed all the ECGs. The methodology used in measuring the QT indices (QTd, QT c d and QT c max) which has an intra-observer coefficient of variation of under 10%, has been described elsewhere. 
Echocardiographic examination
Each subject underwent echocardiographic examination in the Department of Cardiology, Ninewells Hospital, by operators who were unaware of the other measurements using a Hewlett Packard Sonos 2500 (Hewlett Packard, Andover, MA, USA). The left ventricular wall thickness and size were calculated from M-mode measurements. Left ventricular mass index (LVMI) was calculated indexed to body surface area. 14 
Statistical methods
Data on BP measures were recorded as mean (standard deviation). The relationships between QT indices and BP measures were assessed using linear regression analyses and the Pearson correlation coefficients together with the P-values were tabulated. Stepwise multiple regression analyses were performed by both forward and backward variable selection (alpha to enter and remove of 0.15) using QT indices as dependent variables and the predictors were age, gender, body mass index (BMI), LVMI and BP measures. Unpaired two-tailed Student's t-test was used to detect differences between groups. A two-tailed P-value of Ͻ0.05 was taken to indicate statistical significance. All statistical analyses were performed using the Minitab ® version 13.1 statistical program.
Results
The characteristics of the study subjects are presented in Table 1 . Univariate regression analyses suggested that age, gender and BMI did not correlate significantly with either QTd or QT c d. Only LVMI correlated with QTd and QT c d ( Table 2) . As for QT c max, BMI (r = 0.389, P = 0.041) and ExSBP were the significant correlates of this index. There was no significant correlation between QT c max and plasma potassium (r = −0.291, P = 0.126). In stepwise multiple regression analyses, with QTd as the dependent variable, LVMI (adjusted R 2 = 22.4%, P = 0.018) was the only significant predictor, followed by office systolic BP (P = 0.113). The addition of office systolic BP to the multiple linear regressional model (QTd = 56.6 + 0.190 (LVMI) −0.238 (office systolic BP)) increased the adjusted R 2 to 29%. With regard to QT c d, LVMI (adjusted R 2 = 25.3%, P = 0.012) appeared to be the only significant predictor, and for QT c max, ExSBP (adjusted R 2 = 21.6%, P = 0.02) was the sole significant predictor (Figure 1 ). There was a weak relationship between BMI and ExSBP (r = 0.328, P = 0.088), this perhaps accounted for the significant univariate relationship between BMI and QT c max. Eleven (38%) out of the 29 subjects had ExSBP у 210 mm Hg 15 and these subjects had significantly greater QT c max (426 (26) vs 406 (20) ms, P = 0.029) without significant differences in plasma potassium levels (4.1 (0.2) vs 4.2 (0.2) mmol/L, P = 0.324). Conversely, five (17.2%) subjects had QT c max у 430 ms, and these subjects had significantly higher ExSBP (226 (15) vs 188 (24) mm Hg, P = 0.002) but similar 24-h ABP (146 (21)/83 (16) vs 140 (14)/88 (11) mm Hg, P = NS).
Discussion
We have confirmed our earlier findings that left ventricular mass is a stronger determinant of QT dispersion than BP in hypertension. 2 Others have similarly reported that left ventricular mass relate to QT dispersion at baseline 3 and following drug treatment. 16, 17 With regard to QT c max, Mayet and colleagues 3 in a study involving 52 hypertensives reported that this index was significantly predicted only by 24-h systolic ABP in a multiple regressional model. We included ExSBP as an additional variable and despite our study having less subject number, we found that ExSBP was a better predictor of QT c max than ABP. Our study subjects had a wide range of QT c max values, with five subjects having prolonged QT c max (у 430 ms) suggesting inherently high arrhythmic risk. 8, 18 Taken together, the ability 19 which will lead to loss of vascular nitric oxide to buffer any increase in BP during exercise: it could also lead to patchy myocardial ischaemia leading to patchy myocardial fibrosis and hence prolonged QT c max. Since QT c max is also a potent predictor of sudden cardiac death, 9,10 this could explain why exercise BP is a good predictor of cardiac mortality. 20, 21 We studied the relationships between a variable obtained during a dynamic test, (ExSBP) and QT indices which were recorded at rest. It is quite possible that QT indices which are obtained during or following exercise might relate even better to exercise BP. This could be important because exerciseinduced changes in QT indices are better in predicting the extent of coronary artery disease than resting QT indices. [22] [23] [24] Since hypertensive subjects, especially those with LVH are well known to have reduced cardiac reserve despite the absence of occlusive coronary atherosclerosis, 25 potentially exercise-induced increase in QT indices may be a very valuable way of risk stratifying patients with hypertension. This needs to be studied specifically in the future, especially since high exercise BP during a submaximal exercise test with a work intensity relevant to daily life activity would indicate an 'inappropriate' increase in myocardial wall stress. In the presence of reduced cardiac reserve, this could produce an even earlier onset of cardiac ischaemia hence a potential adverse synergism with increased QT indices in at risk hypertensive subjects.
Conclusion
Submaximal exercise systolic BP was a significant predictor of QT c max. This finding might provide a mechanism whereby subjects with high exercise BP are more likely to suffer premature cardiac death.
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